Paper preaeuted at tbe Sympoei um ot Lean • / of memory or the interest that bas existed, and tor lll8llY' still exists, in planarians as a useful tool in studies ot chemical proceasea which occur 1n learn1ng.
~
Because of thira interest in planariana, a fev yeara sao ,. attempted to train planarians reliably and reproducibly. At the same time we studied the uptake ot a number of organic compounds by planarians. Our obJect1 ve was not to investigate the intermediary metaboliam of these compounds 1n detail, but rather to determine 1n a general. way (l) the relative efficiency with which different classes of organic compounds were utilized, (2) the variation within a claaa ot the Clegree of utilization, and ( 3) some variables vhich influence uptake. The parameters affecting uptake which ve studied inoluCled the external concentration ot the organic ~ompounds, and the time ot contact. In addition, the rate of loss of the label when the planarian vas removed from the tracer solution 1 and the distribution of the utlli&ed chemical between "aoluble" and "insoluble" compounds were determined.
The retention and d1atribut1on ot the label vhen transferred by cannibalism wre also investigated. Rad1oautopaph1c atudiea wre carried out to confirm the uptake ',. .
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A. Uptake of Nucleic-Acid Precursors
One or the f'1rst experiments undertaken 1nveatipted the effect or ~oncentrat1on and time on the uptake ot several nucleic-acid precursors--aden1ne-8-14c, cytoai.ne-3a, and t~e-2-14c. The results for adenine, shown 1n Fig. 1 , clearly indicate that vithin the range investigated, uptake was approximately proportional to the external concentration and was also timedependent. Adentne taken up b;y the planariana was retained for long periods--the total radioactivity decreased by only one-half' over a 3 ... veek period, even though the planariane bad been fed brine shrimp ever,y 3 or 4 da,ys af'ter removal
:from the adenine-solution (Fis;. 2).
The uptake of several nucleic acid components is compared 1n Fig. 3· In tel'lllS of total uptake 1 adenine is taken up 3 to 5 times more than the pyrimidine bas~s uracil-2.lltc and cytosine. The relative uptake ot the nucleosides--uridine·2~14c 11 cytidine-3a, and adenoa1ne-3a--1s even less. In another experiment, the uPtake of thymidine was also shown to be much less than that of adenine• 
-9-when we compare the data obtained at an external concentration of 10 pM/ml (Fig. 4) . This apparent discrepancy in terms ot total incorporation is ' merely a re~lection o~ the size of the eoluble nucleotide pool. It is well known that in higher mammals the soluble adenylic acid pool is much larger than that ot other nucleotide&. Indeed, we have shown. that in planarians more than 5~ of the TeA-soluble radioactive material after adenine uptake can be accounted tor as AMP and its derivatives, together with small quantities of the guanylic acid derivatives. Much of the remainder is hypoxanthine and adenine. Total adenine incorporation 1n the insoluble fraction continues to increase as precursors for nucleic acids are drawn from the soluble pool. On the other hand, the radioactivity from cytosine in ~ucleic acids decreases more rapidly than that !rom adenine. This is a reflection ot the small pool size of soluble cytosine derivatives as compared to the large pool size ot the soluble adenine compounds.
Of the nucleic-acid precursors studied, cytosine appears to be the best tor obtaining the maximum proportion of label 1n the nucleic acids 1 and the minimum possible 1n soluble nucleotide& and other low-molecular-weight compounds.
These low-molecular-weight compounds would only confuse the interpretation ot the fate of RNA during studies ot cannibal.ism or regeneration.
B. Uptalte of Amino Acids
The uptake ot five amino acids--glycine-2-l4c, ~-ser1ne-3-l4c, ~-alan1ne-2-1 4c, ~-leucine-3-l4c, and ~-valine-4,4' .. 14c .. -vere investigated.
The uptake ot .each. ot these compounds increased v1th time up to 2 days and wa.s l wpm/100 pa or protein at l day in the TeA-soluble fraction w~en the external concentration was 10 pM/ml (Fig. 5 ). This value increased at 2 days to l. The uptake into ~A-insoluble material is shown ·in Fig. 6 . The uptake of serine, glycine, alanine, and leucine is 1n the range trom 1.0 to 1.5 Ul)lM/100 )l8
of pla.narian protein at tvo days. Valine is taken up less efficiently. After removal of the external radioactive substances, the fraction incorporated into
TCA~precipitable material increased as the activity in the acid-soluble pool decreased.
Another experiment indicated that the uptake of alYcine vas approximately
proportional to the external concentration in the ranae from 1.0 to 10 pM/ml (Fig. 7) . No fUrther 1nveat1pt1ons were made ot the typea of compounds into which the amino acids were incorporated• C. Uptake of Patty Acids
Of the compounda tested, the fatty acids were taken up most extensively and rapidly. The uptake increased with increasing molecular weight from formate through valerate (Fig. 8) Of' all the compoWlds tested, P04: was taken up the least, as shown in Fig. 10 which summarizes the total uptake in 2 days of each of the compoundS investigated when supplied at a concentration of O.OlM.
F. Transfer of Radioactivity by Cannibalism
When donor planarians, labelled with either adenine-3H or propionate-2-14c
were cannibalized by ~· tigrina, a significant proportion or the ingested radioactivity was incorporated into the cannibal and retained tor long periods (Table II) . In the case of propionate, the radioactivity was distributed 1n a similar manner.in the recipient as it was in the donor, i.e., about~ was extracted by 8~ ethanol, 2.\/fo by 3~ ethanol; and the rema'inder was ethanolinsoluble. These proportions .did not change markedly with time after ingestion, nor did they appear to dif'f'er depending upon the portion (head, midsection, or tail) of the victim which had been cannibalized. In the case of cannibals eating.adenine-labelled planarians, ~ of the radioactivity vas TeA-insoluble, as compared to 5 or l~ 1n the donors. Again, this traction did not appear ~ change markedly vi th time.
In other experiments carried out at the same time with propionate-fed worms, the rate ~ disappearance of label from worms transsected and allowed to regenerate did not. ditter markedly from that of planarians removed from the radioactive solution, tbat is, the sum of the halves approximated the vhole.
G. Radioautographic Studies
Radioautographic studies at planarians grow in adenine and propionate t . showed, in general, a rather uniform distribution of label. There were ·:J ! essentially no silver grains above background on the surface of the worms, '.
indicative that the activity found by the chemical analyses was not merely adsorbed on the planarian.
Though the concentration' .. of s11 ver grains, representing radioactivity 1
•ras relatively uniform, .the highest concentration was over the cells of the digestive system and the lowest was over thEt nervous system. (Fige~ 11 through   13 ).
. . particularly those utilizins amino acids, ws bacterial contamination of the solutions. This became noticeable after 2 or 3 days. To minimize this contamination, we generally transferred the planarians to fresh radioactive solutions every 2 or 3 days. In addition, 1n several experiments, the addition of 6 mg penicillin G and 6 mg of streptomycin-dihydrostreptomycin per 100 ml ot ,.
' solution~ reduced but did not eliminate bacterial growch.
Best et al. have expressed concern about the radiation dose to which planarians are exposed in soaking experiments. We believe it is more proper to take the average energy of the l4c beta (0.055 MeV) rather than the maximum energy when calculating the radiation dosage received. On this basis, a solution containing 10 pCi/ml would result in a dosage of about 50 rep over a 2-day period. When the calculated uptake is 10 mpM/lOO ps planarian protein, the "concentration'' of radioactivity inside the planarians equals the external concentration. It 3H-labelled compounds are used, generally higher radioactive concentrations are employed to compensate for the decreased-counting efficiency encountered. However, the average energy froui. tritium is about one-tenth t~t planarians in a typical experiment.
In terms of our search to find a-method by which a large proportion of / the radioactivity could be incorporated into high-molecular-weight compounds, cytosine appears to be the compound most efficacious. Ai'ter several days 1n a cytosine solution and then seven days out, about 75~ of the radioactivity of plo.narians was not extracted by cold TCA. More work should be done with cytosine-l4c so that the conwounds into which cytosine is incorporated can be more readily studied by chromatographic and radioautographic techniques.
• Table I . Comparison of uptake and retention or· nucleic acid precursors into cold lc:Jfo TeA-insoluble material. Results are expressed in terms· of mpM· equivalent of radioactivity found 1n the l~ TCA-tnsolUble fraction/100 ps ot planarian protein, and the percentage of the total uptake whlch this represents.
Total uptake data are given in Fig. 3· Adenine end cytosine data are from several experiments which have been combined.
Adenine-8-14c
Cytosine-3a Urac11-2-1 4c The rad1oact1ve concentrations ~of aden1ne;.. 14 c used vas between 5 and 15 )1C1/ml, and th!J.t of aden1ne~3H was 50 )lCi/ml. Data were obtained from one planaria.n for each point in Expt. l, and two planarians tor each point 1n Expt. 2.
Results are expressed 1n terms of mpM of compound 1ncorporat~d per 100 pg of planarian protein. - Data for the TeA-insoluble fraction are given 1n F1g. 6.
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. This report was prepared as an account of Government sponsored work"
Neither the United States, nor the Commission, nor any person acting on behalf of the Commission:
A"
Makes any warranty or representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of the information contained in this report, or th~t the use of any information, apparatus, method, or process disclosed in this report may not infringe privately owned rights; or B. A~sumes any liabilities wi~h respect to the use of, or for damages resulting from the use of any information, apparatus, method, or process disclosed in this report"
As used in the above, "person acting on behalf of the Commission" in9ludes any employee or contractor of.the Commission, or employee of such contractor, to the extent that such employee or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, any information pursuant to his employment or contract with the Commission, or his employment with such contractor"
